IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Appln. Serial No. : 10/632.245 Group Art Unit: 1754 

Filing Date: August 1, 2003 Examiner: Langel, Wayne A. 

Applicants: Cortright et al. Attorney Docket No. : 09820. 284 

Title: LOW-TEMPERATURE HYDROGEN PRODUCTION FROM OXYGENATED 
HYDROCARBONS 

JOINT DECLARATION OF INVENTORS RANDY D. CORTRIGHT AND JAMES A. 
DUMESIC UNDER 35 USC §§1.131 and 1.132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



To the Commissioner: 

Your Declarants, Randy D. Cortright and James A. Dumesic. do hereby declare and 
state as follows: 



1. 



We are each co-inventors of Claims 1-56 (as originally submitted and subsequently 
amended) of the above-identified patent application and arc co- inventors of the subject 
matter described and claimed therein. As such, we are, individually and collectively, 
intimately familiar with the above-identified patent application and the subject matter 
claimed therein. 

2. We have each read and are familiar with U.S. PatentNo. 6,607.707. issuedAugust 19. 
2003, to Reichmann et al. The Reichmann et al. patent matured from an application 
for patent filed on August 15, 2001. 
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Our above-identified application for patent was filed on August 1, 2003. and claims 
priority as a continuation of U.S. application Serial No. 09/998.552, filed November 
29, 2001 (and now issued as U.S. Patent No. 6,699,457). The earliest effective filing 
daie of the present application is therefore November 29, 2001 , a date which is less 
than one year from the August 15. 2001 filing date of the Reichmann et al. patent 
referenced in paragraph 2. 

Prior to August 15, 2001. having earlier jointly conceived the idea of producing 
hydrogen at low temperatures via steam-reforming of oxygenated hydrocarbons, we 
prepar°ed a confidential presentation for the Wisconsin Alumni Research Foundation 
(WARF), the assignee of the present application. (WARF is the patenting and 
technology transfer organization affiliated with the University of Wisconsin-Madison). 
A true and complete copy of that presentation is attached hereto as Exhibit A. Exhibit 
A is incorporated herein by reference. The entire presentation of Exhibit A was 
prepared and presented to WARF in a confidential meeting that took place at WARF's 
offices in Madison, Wisconsin, prior to August 15, 2001. 

Exhibit A opens with a brief history of stream reforming of hydrocarbons to yield 
hydrogen and the uses for the resulting hydrogen. As noted at page A-1, for most 
industrial uses, including for ammonia synthesis, for oil refining, and for use as a fuel 
in fuel cells, hydrogen must have very low impurity levels of sulfur, CO, COj, and 
water. Pages A-2 to A-6 of Exhibit A present an overview of the conventional steam 
reforming process, including a description of the water-gas shi ft (WG S) reaction. Page 
A-7 of Exhibit A outlines the disadvantages of conventional steam reforming of 
hydrocarbons (e.g., the hydrogen produced is contaminated with sulfur and CO; 
temperatures greater than 500 "C are required; the hydrocarbon reactants are highly 
flammable.) 
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Beginning at page A-8 of Exhibit A is a detailed description of the invention that is 
now recited in the claims pending in the present application. Specifically, at page A-8, 
the invention is briefly described as using oxygenated compounds such as cthanol, 
ethylene glycol, glycerol, and sorbitol (all of which are water-soluble oxygenated 
hydrocarbons having at least two carbon atoms as required by Claim 1) and reforming 
these compounds at low temperatures to yield hydrogen. Pages A-9 to A- 12 describe 
using oxygenated hydrocarbon fuels have a C-to-O ratio of 1-to-l and the favorable 
equilibrium constants that are obtained using these reactants. See the graphs at pages 
A- 12 and A-13. Such compounds include ethylene glycol and sorbitol. The graph at 
page A-13 compares the equilibria between reforming of oxygenated compounds 
according to the present invention versus conventional reforming of hydrocarbons. 
The graph at page A- 1 3 demonstrates that oxygenated compounds as recited in Claim 
1 of the present application can be reformed to yield hydrogen at temperatures much 
lower than the temperatures required to reform hydrocarbons. Pages A- 14 and A- 15 
describe the effect of temperature for steam reforming of oxygenates. As illustrated in 
the graph at page A- 14, the reaction thermodynamics are favorable for the reforming 
of all oxygenates. 

The remainder of Exhibit A, pages A- 16 to A-21, is given over to a discussion of the 
effects of various catalysts, including catalysts containing the Group VIII transition 
metals ruthenium, rhodium, nickel, platinum, palladium, iridium, cobalt, and iron. 
See the graph at page A- 17. This graph is significant in that it clearly shows the 
production of hydrogen by reforming ethylene glycol, in the presence of Group VIII 
transition metals, at a temperature of only 250 X. The graph at page A- 18 shows the 
corresponding results for a nickel catalyst supported on either a silica support (the red 
trace) or a mixed magnesia/alumina support (the blue trace). In both instances, 
hydrogen was produced. Pages A- 19, A-20, and A-21 show corresponding traces for 
ruthenium/palladium catalysts, nickel/platinum catalysts, and nickel/palladium 
catalysts, respectively. In all instances, hydrogen was produced. 
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In closing, Exhibit A clearly demonstrates that we were in possession of the invention 
as broadly as it is now claimed prior to August 15, 2001. 

All of the acts described herein and all of the work and experiments performed to 
generate the data in Exhibit A (and relied upon to antedate the Reichmann et al. patent) 
were performed in the United States, prior to August 15, 2001. 

We, Randy D. Cortright and James A. Dumesic, individually and collectively, hereby 
declare that all statements made herein of our own knowledge are true and that all 
statements made on information and belief are believed to be tnie; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application, any patent issuing thereon, or any patent to 
which this Rule 131/132 Declaration is directed. 




I- 




James A. Dumesic 



Date 
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09/24/2004 



10:00 



CHE DEPT. UUI-MPDISON ^ 98312106 



NO. 722 0001 



9. 



In closing, Exhibit A clearly demonstrates that we were in possession of the invention 
as broadly as it is now claimed prior to August 15, 2001. 

All of the acts described herein and all of the work and experiments performed to 
generate the data in Exhibit A (and relied upon to antedate the Reichmann et al. patent) 
were performed in the United States, prior to August 15, 2001. 

We, Randy D, Cortright and James A. Dumesic, individually and collectively, hereby 
declare that all statements made herein of our own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application, any patent issuing thereon, or any patent to 
which this Rule 131/132 Declaration is directed. 



Randy D. Cortright Date 





Date 
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